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Abstract 22	  
Kidney transplantation from deceased or living human donors has been limited by 23	  
donor availability as opposed to the increasing demand, and by the risk of allograft loss 24	  
rejection and immunosuppressive therapy toxicity. In recent years, xenotransplantation 25	  
of developed kidney precursor cells has offered a novel solution for the unlimited 26	  
supply of human donor organs. Specifically, transplantation of kidney precursors in 27	  
adult hosts showed that intact embryonic kidneys underwent maturation, exhibiting 28	  
functional properties, and averted humoural rejection post-transplantation from non-29	  
immunosuppressed hosts. Even if supply and demand could be balanced using 30	  
xenotransplants or lab-grown organs from regenerative medicine, the future of these 31	  
treatments would still be compromised by the ability to physically distribute the organs 32	  
to patients in need and to produce these products in a way that allows adequate 33	  
inventory control and quality assurance. Kidney precursors originating from fifteen-day 34	  
old rabbit embryos were vitrified using Cryotop® as a device and VM3 as vitrification 35	  
solution. After three months of storage in liquid nitrogen, 18 kidney precursors were 36	  
transplanted into non-immunosuppressed adult hosts by laparoscopy surgery. Twenty-37	  
one days after allotransplantation, 9 new kidneys were recovered. All the new kidneys 38	  
recovered exhibited significant growth and mature glomeruli. Having achieved these 39	  
encouraging results, we report, for the first time, that it is possible to create a long-term 40	  
biobank of kidney precursors as an unlimited source of organs for transplantation, 41	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Introduction 47	  
Kidney transplantation from deceased or living human donors has been limited by 48	  
donor availability as opposed to the increasing demand, and by the risks of allograft loss 49	  
rejection and immunosuppressive therapy toxicity [4]. In recent years, 50	  
xenotransplantation of developed kidney precursor cells has provided a novel solution 51	  
for the unlimited supply of human donor organs [5,9]. Specifically, transplantation of 52	  
kidney precursors in adult hosts showed that intact embryonic kidneys underwent 53	  
maturation, exhibiting functional properties, and averted post-transplant cellular 54	  
rejection from non-immunosuppressed hosts [9]. Even if supply and demand could be 55	  
balanced using xenotransplants or lab-grown organs from regenerative medicine, the 56	  
future of these treatments would still be compromised by the ability to physically 57	  
distribute the organs to patients in need and produce these products in a way that allows 58	  
adequate inventory control and quality assurance [2,7]. To this end, organ 59	  
cryopreservation will be indispensable.  60	  
 61	  
The long-term banking of human organs or their engineered substitutes [7] for 62	  
subsequent transplantation is a long-sought [12, 21, 23] and important goal [1, 7, 8, 10, 63	  
11, 13, 22, 23, 26]. Storage below the critical temperature of -130 ºC allows the 64	  
preservation of cells and tissues after a long storage in liquid nitrogen [15,20]. To date, 65	  
small ovaries, blood vessels, heart valves, corneas and similar structures are the only 66	  
macroscopic structures having the capacity to recover, at least in part, after vitrification 67	  
[6]. Kidneys and hearts have been the most widely studied organs, but neither has been 68	  
reproducibly recovered after cooling to temperatures lower than about -45ºC, evidently 69	  
due at least in part to mechanical damage from ice itself, although in the case of kidneys 70	  
at least, sporadic survival has sometimes been claimed after freezing to about -40º to -71	  
	   4	  
80ºC [6,8]. Fahy et al. [6] reported a case history of one rabbit kidney that survived 72	  
vitrification and supported the life of a recipient animal for an indefinite period of time. 73	  
To our best knowledge, only Bottomley et al. [2] evaluated the cryopreservation of 74	  
metanephroi immediately after thawing, but only under in vitro conditions. 75	  
 76	  
In an effort to advance in organ cryopreservation, this study was conducted to evaluate 77	  
the developed morphologically normal glomeruli of vitrified kidney precursors after 78	  
their allotransplant in non immunosuppressive rabbits.  79	  
 80	  
Materials and Methods 81	  
 82	  
Chemicals 83	  
All chemicals and reagents were purchased from the Sigma-Aldrich Corporation (St. 84	  
Louis, MO, USA) unless otherwise stated.  85	  
 86	  
Animals and ethical clearances  87	  
All animals were handled according to the principles of animal care published by 88	  
Spanish Royal Decree 53/2013 (BOE, 2013; BOE = Official Spanish State Gazette). 89	  
Ethical approval for this study was obtained from the Universidad Politécnica de 90	  
Valencia Ethics Committee. New Zealand white females, 5 months old, were used as 91	  
embryo donors and metanephroi recipients. The animals used came from the 92	  
experimental farm of the Universidad Politécnica de Valencia. The rabbits were kept in 93	  
conventional housing (with light alternating cycle of 16 light hours and eight dark 94	  
hours, and under controlled environmental conditions: average daily minimum and 95	  
	   5	  
maximum temperature of 17.5 and 25.5ºC, respectively). All rabbits had free access to 96	  
fresh food and water. 97	  
 98	  
Metanephroi recovery 99	  
Donor does were artificially inseminated with 0.5 mL of fresh heterospermic pool 100	  
semen from fertile males at a rate of 40x106 spermatozoa/mL in Tris-citric-glucose 101	  
extender [25]. Immediately after insemination, ovulation was induced by an 102	  
intramuscular injection of 1 µg buserelin acetate and the females were euthanised at day 103	  
15 post-insemination. Recovered 15 day old embryos (E15) were placed in Dulbecco's 104	  
phosphate-buffered saline (DPBS) supplemented with 0.2% of bovine serum albumin 105	  
(BSA) at 38.5ºC. Metanephroi were surgically dissected under a dissecting microscope 106	  
using previously described techniques [19]. Some of the recovered embryos were 107	  
placed in Bouin's solution to fix. They were then dehydrated through ethanol series, 108	  
cleaned with xylol and embedded in paraffin. Next, 5-7µm sections were cut for 109	  
hematoxylin-eosin staining and the slides were studied by light microscopy in order to 110	  
identify the position and the size of the metanephroi (Figure 1). 111	  
 112	  
Vitrification procedure 113	  
 114	  
Vitrification was performed within 1 h after recovery following the minimum essential 115	  
volume (MEV) method, using Cryotop® as device [16] (Kitazato-dibimed, Valencia, 116	  
Spain) and VM3 as vitrification solution [8] (21st Century Medicine, Fontana, CA, 117	  
EEUU). Cryotop® is the special container, consisting of a fine thin film strip attached 118	  
to a hard handle. This allows us to minimise the volume of vitrification easily. All 119	  
manipulations were performed at room temperature (25 ± 1 °C) and all the media were 120	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used at room temperature, except for the first warming solution, which was used at 37.5 121	  
°C.  122	  
Metanephroi were first submerged into 2.5 ml of equilibration solution that containing 123	  
1.7% w/v ethylene glycol (EG), 1.3% w/v formamide, 2.2% w/v dimethyl sulphoxide 124	  
(DMSO), 0.7% w/v PVP K12 (polyvinylpyrrolidone of Mr 5000 Da) and 0.1% w/v 125	  
final concentrations of commercially available SuperCool X-1000 and SuperCool Z-126	  
1000 (ice blockers) in base medium (BM: DPBS + 20% foetal bovine serum, FBS) for 3 127	  
min. Then, the metanephroi were submerged into 2.5 ml of solution containing 4.7% 128	  
w/v EG, 3.6% w/v formamide, 6.2% w/v DMSO, 1.9% w/v PVP K12 and 0.3% w/v 129	  
final concentrations of ice blockers in BM for 1 min. Finally, the metanephroi were 130	  
submerged into 2.5 ml of vitrification solution consisting of 16.84% w/v EG, 12.86% 131	  
w/v formamide, 22.3% w/v DMSO, 7% w/v PVP K12 and 1% w/v final concentrations 132	  
of ice blockers in BM before being loaded into Cryotop® devices (Figure 1) and 133	  
directly plunged into liquid nitrogen (LN2) within 1 min.  134	  
 135	  
For warming, metanephroi were submerged into 2.5 ml of a solution containing 1.25 M 136	  
sucrose in BM for 1 min and later transferred stepwise into decreasing sucrose solutions 137	  
(0.6, 0.3 and 0.15 M sucrose in BM) for 30 s before and then washed twice in BM for 5 138	  
min. 139	  
 140	  
Metanephroi transplantation  141	  
After three months of storage in liquid nitrogen, the metanephroi were transplanted into 142	  
recipients. Metanephroi were transplanted within 45 minutes after warming or collected 143	  
(fresh). Recipients were sedated by intramuscular injection of 5 mg/kg of xylazine 144	  
(Rompun, Bayer AG, Leverkusen, Germany) and anaesthetised by intravenous injection 145	  
	   7	  
of 15 mg/kg ketamine hydrochloride (Imalgene®, Merial, S.A., Lyon, France) into the 146	  
marginal ear vein. During laparoscopy, 3 mg/kg of morphine hydrochloride (Morfina, 147	  
B.Braun, Barcelona, Spain) was administered intramuscularly. Abdominal laparoscopy 148	  
was performed with two ports (one for the camera and one for dissecting forceps. 149	  
Image). Metanephroi were aspirated in an epidural catheter (Vygon corporate, Paterna, 150	  
Valencia, Spain), introduced into the inguinal region with an epidural needle and then 151	  
transplanted into a pouch created by epidural needle in the retroperitoneal fat, adjacent 152	  
to the renal vessels. Four metanephroi were transplanted into each host. After surgery, 153	  
analgesia was administered for 3 days (0.03 mg/kg of buprenorphine hydrochloride, 154	  
Buprex®, Esteve, Barcelona, Spain, each 12 hours, and 0.2 mg/kg of meloxicam, 155	  
Metacam®, 5 mg/mL; Norvet; Barcelona, Spain, every 24 h). In addition, all the 156	  
recipients were treated with antibiotics (4 mg/kg of gentamicin [10% Ganadexil, Invesa, 157	  
Barcelona, Spain) every 24 h for 3 days]. No immunosuppression was given to 158	  
recipients. Metanephroi transplantation was assessed in three sessions. 159	  
 160	  
Histomorphometry of the renal corpuscle and growth of transplanted kidney 161	  
precursors 162	  
 163	  
Twenty-one days after transplantation, hosts having received an allograft were 164	  
euthanised and the new kidneys were removed (Figure 2). The new kidneys were 165	  
individually weighed, fixed in Bouin's solution and embedded in paraffin wax and 166	  
stained, as previously described. The stained sections were examined with light 167	  
microscopy for histological and histomorphometric analysis (Figure 3). In the 168	  
histomorphometric measurements, 20 renal corpuscle and glomeruli on each sample 169	  
were measured (area and perimeter) in each of the groups - control and experimental. 170	  
	   8	  
Photomicrographs were taken at total magnification of X1000. In addition, the 171	  
glomerular tuft cellularity was estimated by counting the total number of nuclei of each 172	  
glomerulus. Photomicrographs were measured using ImageJ analysis software (public 173	  
domain http://rsb.info.nih.gov/ij/). Kidneys originating from a 5-week-old rabbit 174	  
(coeval with the metanephroi age) were used as controls. 175	  
 176	  
Statistics 177	  
The development rates after transplantation were analysed using the chi-square test. The 178	  
weights of kidney precursors, renal corpuscle and glomeruli measured (area and 179	  
perimeter) and the glomerular tuft cellularity were compared by analysis of variance 180	  
ANOVA with sample type (fresh and vitrified) as a fixed factor and replicate as random 181	  
factor. The replicate was non-significant and was removed from the model. Significance 182	  
was attributed to analyses where P is less than 0.05. All statistical analyses were 183	  
performed using the SPSS 21.0 software package (SPSS Inc., Chicago, Illinois, USA, 184	  







Two females were used as embryo donors of metanephroi. A total of 3 recovered 192	  
embryos were fixed for histological examination (Figure 1) and 17 were surgically 193	  
dissected. After obtaining the metanephroi, 16 were transplanted directly (fresh group) 194	  
and 18 after vitrification procedure (vitrified group) into 9 recipient does. Twenty-one 195	  
	   9	  
days after transplant, all the new kidneys recovered exhibited significant growth (Figure 196	  
2). In total, 9 metanephroi (50%) were successfully grown after vitrification. Similar 197	  
rates were reached from fresh kidney precursors, as 7 metanephroi were obtained 198	  
(43.7%). Transplanted kidney precursors, 3 weeks post-transplant, weighed 0.25±0.04 g 199	  
and 0.37±0.05 g for vitrified and fresh kidney precursors, respectively, which was 200	  
significantly less than the kidneys of control animals (0.78±0.07 g, P<0.001). 201	  
Nevertheless, in all of them, new kidneys developed mature glomeruli (Figure 2).  The 202	  
histomorphometry results as displayed in Table I show the significant increase in the 203	  
renal corpuscle area and perimeter (p < 0.05) of the fresh and vitrified new kidneys 204	  
when compared to the control group. Glomerular area showed a significant increase in 205	  
vitrified group when compared with the control group (p < 0.05). Vitrification has no 206	  
significant effect on glomerular perimeter, when compared to the corresponding values 207	  
in the control. Nevertheless, in all kidney graft explants, there was a significant 208	  





This is the first study reporting that metanephroi survived vitrification, underwent 214	  
differentiation and growth, became vascularised by blood vessels of host origin and 215	  
developed morphologically normal glomeruli. Only one previous study had examined 216	  
metanephroi cryopreservation, suggesting that vitrification yielded more promising 217	  
results, consistent with our findings [2].  Vitrification, in which the liquids in a living 218	  
system are converted into the glassy state at low temperatures, provides a potential 219	  
alternative to freezing that can in principle avoid ice formation altogether [6]. 220	  
Specifically, tissues and organs are severely damaged by extracellular ice [24]. The 221	  
	   10	  
differences in methodology and evaluation methods (e.g. in vitro and in vivo) between 222	  
Bottomley et al. [2] and our study make it difficult to compare. Briefly, Bottomley et al. 223	  
[2] studied the effect of different cryopreservation procedures (slow freezing vs 224	  
vitrification) directly on the metanephroi, using a vial as container and stored the 225	  
samples at -135ºC for 48 hours.  226	  
 227	  
To date, small ovaries, blood vessels, heart valves, corneas and similar structures are the 228	  
only macroscopic structures with the capacity to recover, at least in part, after 229	  
vitrification [6]. Presumably, the cause for our improvement was likely due to the 230	  
combination of device and vitrification solution. Since its first reported application for 231	  
embryo cryopreservation [18], the greatest improvement has been achieved by the use 232	  
of newer vitrification containers that aimed to minimise the volume of vitrification 233	  
solution and thereby increase the speed of cooling and warming (up to 20,000 ºC/min) 234	  
by facilitating the rapid transfer of heat to liquid nitrogen [14]. Moreover, we used a 235	  
vitrification solution specifically develop for kidney cryopreservation [8], whose critical 236	  
cooling rate (the cooling rate above which ice formation is not observed) is <0.1ºC/min, 237	  
and whose critical warming rate (the warming rate above which ice formation is not 238	  
observed) is 3ºC/min. [27]. In addition, as E15 rabbit kidney precursors are < 0.1 mm in 239	  
size, an adequate diffusion and equilibration of cryoprotective agents within the organ 240	  
cells is not a serious issue and vitrification should be feasible [2]. Furthermore, the 241	  
kidney precursor does not require immediate vascular anastomosis upon transplantation, 242	  
as is the case in a vascularised organ [28]. Vitrified transplanted metanephroi developed 243	  
a blood supply originating from the host vasculature similar to that of 244	  
fresh metanephroi.  245	  
 246	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Our results on renal corpuscle histomorphometry further support earlier findings 247	  
demonstrating that transplanted metanephroi have the ability to develop apparently 248	  
normal glomeruli [3,5,17,19,29,30,31]. In this paper, we provide quantitative 249	  
morphometric data that support these previous observations, but using vitrified 250	  
metanephroi stored for 3 months.  Although differences were observed in renal 251	  
corpuscle area and perimeter between vitrified and control group, this can be explained 252	  
by the fact that the metanephroi were not connected to the host's urinary system. Under 253	  
this condition, unconnected metanephroi become hydronephrotic [31]. Furthermore, 254	  
new kidneys originating from vitrified metanephroi exhibited similar renal glomerular 255	  
morphometry, but with slightly less glomerular tuft cellularity than control. It may not 256	  
be abnormal for a new kidney compared to kidneys from 5-weeks old animals, because 257	  
the transplanted metanephroi have 30% of the organ mass compared to control. 258	  
Moreover, such a small difference could be irrelevant. Although we recognise the 259	  
potential limitations of this approach, different authors have already shown that 260	  
transplants of fresh kidney precursors are able to filter blood and produce urine 261	  
[3,5,17,19,29,30,31]. In further work, we shall explore whether transplantation of 262	  
vitrified embryonic kidneys may become a viable approach to renal replacement 263	  
therapy, evaluating the haemodynamic capacity of transplanted vitrified metanephroi.  264	  
 265	  
Having achieved these encouraging results, we suggests for the first time that it may be 266	  
possible to create a long-term biobank of kidney precursors as an unlimited source of 267	  
organs for transplantation, facilitating most of the problems of matching organs to 268	  
recipients to reduce rejection, transporting the organs to where they need to go, and 269	  
scheduling surgery at a time and a place that is best for both the patient and the 270	  
transplant surgeon.  271	  




This work was supported by funds from the Generalitat Valenciana Research 275	  
Programme (PrometeoII 2014/036). We acknowledge Silvia Vicente-Ferrer for helpful 276	  
support with vitrification. English text version was revised by N. Macowan English 277	  





1. A. Arav, A. Revel, Y. Nathan, A. Bor, H. Gacitua, S. Yavin, Z. Gavish, M. Uri, A. 283	  
Elami. Oocyte recovery, embryo development and ovarian function after 284	  
cryopreservation and transplantation of whole sheep ovary. Hum. Reprod.  20 (2005) 285	  
3554-3559. 286	  
 287	  
2. M.J. Bottomley, S. Baicu, J.M. Boggs, D.P. Marshall, M. Clancy, K.G. Brockbank, 288	  
C.A. Bravery.  Preservation of embryonic kidneys for transplantation. Transplant Proc 289	  
37 (2005) 280-4. 290	  
 291	  
3. M.J. Clancy, D. Marshall, M. Dilworth, M. Bottomley M, N. Ashton, P. Brenchley. 292	  
Immunosuppression is essential for successful allogeneic transplantation of the 293	  
metanephros. Transplantation 88 (2009) 151-9. 294	  
 295	  
	   13	  
4. V.D. D'Agati. Growing new kidneys from embryonic cell suspensions: fantasy or 296	  
reality?  J Am Soc Nephrol 11 (2012) 1763-1766.  297	  
 298	  
5. B. Dekel, T. Burakova, F.D. Arditti, S. Reich-Zeliger, O. Milstein, S. Aviel-Ronen, 299	  
G. Rechavi, N. Friedman, N. Kaminski, J.H. Passwell, Y. Reisner. Human and porcine 300	  
early kidney precursors as a new source for transplantation. Nat Med  9 (2003) 53-60. 301	  
 302	  
6. G.M. Fahy, B. Wowk, R. Pagotan, A. Chang, J. Phan, B. Thomson, L. Phan. Physical 303	  
and biological aspects of renal vitrification. Organogenesis 5 (2009) 167-75.  304	  
 305	  
7. G.M Fahy, B. Wowk, J. Wu. Cryopreservation of complex systems: the missing link 306	  
in the regenerative medicine supply chain. Rejuvenation Res 9 (2006) 279-291. 307	  
 308	  
8. G.M Fahy, B. Wowk, J. Wu. J. Phan, C. Rasch, A. Chang, E. Zendejas. 309	  
Cryopreservation of organs by vitrification: perspectives and recent advances. 310	  
Cryobiology 48 (2004) 157-178. 311	  
 312	  
9. M.R. Hammerman. Transplantation of renal primordia: renal organogenesis. Pediatr 313	  
Nephrol. 22 (2007) 1991-8.  314	  
 315	  
10. J. Kaiser. New prospects for putting organs on ice. Science 295  (2002) 1015.  316	  
 317	  
11. J.O. Karlsson, M. Toner. Cryopreservation. In: Lanza RP, Langer R, Vacanti J, 318	  
editors. Principles of Tissue Engineering. Second Edition. San Diego: Academic Press 319	  
(2000) 293-307. 320	  
	   14	  
 321	  
12. A.M. Jr Karow. The organ bank concept. In: Karow AM Jr, Abouna GJM, 322	  
Humphries AL Jr, editors.Organ Preservation for Transplantation. Boston: Little, 323	  
Brown and Company  (1974) 3-8. 324	  
 325	  
13. B. Khirabadi, G.M. Fahy. Permanent life support by kidneys perfused with a 326	  
vitrifiable (7.5 molar) cryoprotectant solution. Transplantation 70 (2000) 51-57.  327	  
 328	  
14. Y.M. Kim, S.J. Uhm, M.K. Gupta, J.S. Yang, J.G. Lim, Z.C. Das, Y.T. Heo, H.J. 329	  
Chung, I.K. Kong, N.H. Kim, H.T. Lee, D.H. Ko. Successful vitrification of bovine 330	  
blastocysts on paper container. Theriogenology 78 (2012)1085-93.  331	  
 332	  
15. N. Kohaya, K. Fujiwara, J. Ito, N. Kashiwazaki. Generation of live offspring from 333	  
vitrified mouse oocytes of C57BL/6J strain. PLoS One 8 (2013) e58063. 334	  
 335	  
16. M. Kuwayama, G. Vajta, S. Ieda, O. Kato. Comparison of open and closed methods 336	  
for vitrification of human embryos and the elimination of potential contamination. 337	  
Reproductive BioMedicine Online 11 (2005) 608-614. 338	  
 339	  
17. K. Matsumoto, T. Yokoo, S. Yokote, Y. Utsunomiya, T. Ohashi, T. Hosaya. 340	  
Functional development of a transplanted embryonic kidney: effect of transplantation 341	  
site. Nephrol Dial Transplant 27 (2012) 3449-3455. 342	  
 343	  
18. W. Rall, G. Fahy. Ice-free cryopreservation of mouse embryos at ?196¯C by 344	  
vitrification. Nature 313  (1985) 573-575. 345	  
	   15	  
 346	  
19. S.A. Rogers, J.A Lowell, N.A. Hammerman, M.R. Hammerman. Transplantation of 347	  
developing metanephroi into adult rats. Kidney Int 54 (1998) 27-37. 348	  
 349	  
20. J. Saragusty, A. Arav. Current progress in oocyte and embryo cryopreservation by 350	  
slow freezing and vitrification. Reproduction 141 (2011) 1-19. 351	  
 352	  
21. A.U. Smith. Problems in the resuscitation of mammals from body temperatures 353	  
below 0ºC. Proc R Soc Lond B Biol Sci 147 (1957) 533-544. 354	  
 355	  
22. Y.C. Song, B.S. Khirabadi, F. Lightfoot, K.G. Brockbank, M.J. Taylor. Vitreous 356	  
cryopreservation maintains the function of vascular grafts. Nat Biotechnol 18 (2000) 357	  
296-299. 358	  
 359	  
23. T.E. Starzl. A look ahead at transplantation. J Surg Res 10 (1970) 291-297. 360	  
 361	  
24. M.J. Taylor, S. Baicu. Review of vitreous islet cryopreservation: Some practical 362	  
issues and their resolution. Organogenesis 5 (2009) 155-66. 363	  
 364	  
25. M.P. Viudes-de-Castro, J.S. Vicente. Effect of sperm count on the fertility and 365	  
prolificity rates of meat rabbits. Anim Reprod Sci 46 (1997) 313-9. 366	  
 367	  
26. X. Wang, H. Chen, H. Yin, S.S. Kim, S. Lin Tan, R.G. Gosden. Fertility after intact 368	  
ovary transplantation. Nature 415 (2002) 385. 369	  
 370	  
	   16	  
27. I.A. de Graaf, A.L. Draaisma, O. Schoeman, G.M. Fahy, G.M. Groothuis, H.J. 371	  
Koster. Cryopreservation of rat precision-cut liver and kidney slices by rapid freezing 372	  
and vitrification. Cryobiology 54 (2007) 1-12. 373	  
 374	  
28. D. Marshall, M.R. Dilworth, M. Clancy, C.A. Bravery, N. Ashton. Increasing renal 375	  
mass improves survival in anephric rats following metanephros transplantation. Exp 376	  
Physiol 92 (2007) 263-71. 377	  
 378	  
29. S. Yokote, T. Yokoo, K. Matsumoto, I. Ohkido, Y. Utsunomiya, T. Kawamura, T. 379	  
Hosoya. Metanephros transplantation inhibits the progression of vascular calcification 380	  
in rats with adenine-induced renal failure. Nephron Exp Nephrol 120 (2012) e32-40. 381	  
 382	  
30. S. Yokote, T. Yokoo, K. Matsumoto, Y. Utsunomiya, T. Kawamura, T. Hosoya. 383	  
The effect of metanephros transplantation on blood pressure in anephric rats with 384	  
induced acute hypotension. Nephrol Dial Transplant 27 (2012) 3449-55.  385	  
 386	  
31. S. Takeda, S.A. Rogers, M.R. Hammerman. Differential origin for endothelial and 387	  
mesangial cells after transplantation of pig fetal renal primordia into rats. Transpl 388	  
Immunol 3 (2006) 211-5. 389	  
 390	  
  391	  
	   17	  
Figure 1. Histology of 15-day-old rabbit foetus and recovered metanephroi. (A) 15-day-392	  
old foetus. (B) Micrographs (H&E) showing 15-day-old foetus. Black arrow indicates 393	  
metanephroi allocation. (C) Detail of 15-day-old metanephros. (D) Micrographs (H&E) 394	  
showing 15-day-old metanephros. (E) Detail of 15-day-old metanephros loaded in a 395	  
Cryotop® device. Detail of metanephros loaded into film strip of Cryotop®.   396	  
 397	  
 398	  
Figure 2. Successful development of new kidneys after allotransplantation of fresh and 399	  
vitrified kidney precursors. (A) Macroscopic view of a fresh kidney precursor 3 weeks 400	  
after transplantation. Black arrowheads indicate the new kidneys. Note massive growth 401	  
and the blood vessels of a new kidney. White asterisk indicates the host kidney. Black 402	  
arrowheads indicate the new kidneys. (B) Macroscopic view of a vitrified kidney 403	  
precursor 3 weeks after transplantation. Black arrowhead indicates the new kidney and 404	  
white asterisk indicates the host kidney. (C) Micrographs (H&E) showing glomeruli of 405	  
the control kidney originating from a 5-week-old rabbit (coeval with the metanephroi 406	  
age). (D) Micrograph (H&E) showing glomeruli of new kidney after allotransplant fresh 407	  
kidney precursor. (E) Micrograph (H&E) showing glomeruli of new kidney after 408	  
allotransplant vitrified kidney precursor. Scale bar: 0.1 mm (C, D and E). 409	  
 410	  
Figure 3. Representative photomicrograph of the renal corpuscles (H&E). G; 411	  
Glomerulus. RC; Renal corpuscle. BS; Bowman´s space. (A) Renal corpuscle of the 412	  
control kidney originating from a 5-week-old rabbit (coeval with the metanephroi age). 413	  
(B) Renal corpuscle of a fresh kidney precursor 3 weeks after transplantation. (C) Renal 414	  
corpuscle of vitrified kidney precursor 3 weeks after transplantation. Scale bar: 0.01 415	  
mm 416	  
